We present a V − J reduced proper motion (RPM) diagram for stars in the New Luyten Two-Tenths (NLTT) catalog. In sharp contrast to the RPM diagram based on the original NLTT data, this optical-infrared RPM diagram shows distinct tracks for white dwarfs, subdwarfs, and main-sequence stars. It thereby permits the identification of white-dwarf and subdwarf candidates that have a high probability of being genuine.
Introduction
One of the principal motivations for undertaking a proper-motion survey is to construct a reduced proper motion (RPM) diagram, in which the RPM (= m+5 log µ), is plotted against color. Here m is the apparent magnitude and µ is the proper motion measured in arcsec per year. The RPM serves as a rough proxy for the absolute magnitude M = m + 5 log π + 5, where π is the parallax measured in arcsec. Indeed, if all stars had the same transverse speed, the RPM diagram would be identical to a conventional color-magnitude diagram (CMD) up to a zero-point offset.
Hence, one can hope to roughly classify stars using a RPM diagram, even when one has no parallax or spectroscopic information. In particular, subdwarfs (SDs) should be especially easy to distinguish from main-sequence (MS) stars, since they are several magnitudes dimmer at the same color, and are generally moving several times faster. Each of these effects tends to move SDs several magnitudes below the MS on a RPM diagram. White dwarfs (WDs) should also be easily distinguished from MS stars, since they are typically 10 magnitudes fainter at the same color, and are generally moving at similar velocities. Although WDs are closer to SDs on an RPM than they are to the MS, they still should be distinguishable.
NLTT RPMs: Promise and Limitations
More than two decades after its final compilation, the New Luyten Two-Tenths Catalog (NLTT) of high proper-motion stars (µ > 0. ′′ 18 yr −1 ) (Luyten , 1980 Luyten & Hughes 1980) , and its better known subset Luyten Half-Second Catalog , LHS) (µ > 0. ′′ 5 yr −1 ) continue to be a vital source of astrometric data. They are still mined for nearby stars (Reid & Cruz 2002; Jahreiss, Scholz, Meusinger, & Lehmann 2001; Gizis & Reid 1997; Henry, Ianna, Kirkpatrick, & Jahreiss 1997) , subdwarfs (Gizis & Reid 1997; Ryan 1992 Ryan , 1989 , and white dwarfs (Reid, Liebert, & Schmidt 2001; Schmidt et al. 1999; Liebert, Dahn, Gresham, & Strittmatter 1979; Jones 1972; Luyten 1970 Luyten , 1977 . NLTT is by far the largest all-sky catalog of high-proper motion stars with more than 58,000 entries, and it is substantially complete to V ∼ 18.5 over most of the sky. In addition to positions and proper motions (PPM), NLTT contains photographic photometry in two bands, B L and R L , as well as important notes on some individual stars, particularly binaries. The combination of NLTT photometry and astrometry permits the construction of a RPM diagram. See Figure 1 . Unfortunately, this diagram is almost devoid of features that could be used to isolate individual populations. There is a clump of stars off to the lower left that one might plausibly identify with WDs. However, there is no obvious separation between SDs and MS stars. Moreover, it is common knowledge that reddish WDs are mixed in with the SDs at intermediate colors, so that WDs must be spectroscopically culled from relatively large samples drawn from the lower reaches of this diagram (e.g., Liebert, Dahn, Gresham, & Strittmatter 1979) . There are three reasons for this mixing of populations. First, photographic B and R do not provide a very broad color baseline. Second, photographic photometry has intrinsically large errors. Third, NLTT does not reach even the relatively limited precision that is in principle achievable with photography. Given the steepness of the color-magnitude relations of individual populations, the short color baseline and large errors combine to seriously smear out the diagram.
New Photometry and Astrometry for NLTT Stars
We are in the process of obtaining improved photometry and astrometry for the great majority of NLTT stars. Here we give a very brief summary of our procedure. Details are given in and . For bright stars, we find counterparts to NLTT stars in three PPM catalogs: Hipparcos (ESA 1997), Tycho-2 (Høg et al. 2000) , and Starnet (Röser 1996) . Using this improved astrometry, we easily identify the 2MASS (Skrutskie et al. 1997 ) second incremental release counterparts of these stars and so obtain infrared (IR) photometry. Hipparcos and Tycho-2 have generally excellent optical photometry. For faint stars, we first identify candidate couterparts from USNO-A (Monet 1996 (Monet , 1998 around the (circa 1950 epoch) positions given by NLTT, and then ask if there are any 2MASS counterparts around the (circa 2000 epoch) positions predicted by the USNO-A positions and the NLTT proper motion. We use several criteria to ascertain the validity of the NLTT/USNO-A/2MASS match. Thus, we obtain infrared photometry from 2MASS, optical photometry from USNO-A, and proper motions with typical accuracies of 5 mas yr −1 from the difference of positions in the two catalogs. The former allows us to construct the optical-IR color index V − J. The latter represents a roughly 5-fold improvement relative to the NLTT proper-motion errors . Figure 2 shows the resulting RPM restricted to δ > −17 • , for which the data of and are relatively homogeneous. For V band we adopt (Salim & Gould 2000 
where B U and R U are the photographic magnitudes from USNO-A. Note that the SDs and MS stars are clearly separated into two tracks, at least for J + 5 log µ 7. The WDs are also clearly separated from the other stars. The SD track becomes vertical at J +5 log µ ∼ 8 and then turns to the right at J +5 log µ ∼ 7. For a star having a transverse speed of v ⊥ ∼ 200 km s −1 , this latter value corresponds to M J ∼ 4, or M V ∼ 5.5, i.e., roughly 1.5 mag below the subdwarf turnoff. In any event, the bright end is dominated by Hipparcos counterparts of NLTT stars (shown in yellow). Hipparcos stars generally have excellent parallaxes, so for them RPMs are superfluous. We therefore remove these stars from further consideration.
Using color-color plots of NLTT stars based on Sloan Digital Sky Survey (SDSS, York et al. 2000 ) photometry, we have checked that the scheme shown in Figure 2 indeed properly classifies NLTT stars that lie in the SDSS Early Data Release (Stoughton et al. 2002) area. In a future paper, we will show how SDSS/USNO-A data can be combined to classify stars at much lower proper motions than the threshold of NLTT.
Once stars are classified using the RPM diagram, it is possible to estimate their distances photometrically. Using this technique, we have tentatively identified 15 WD candidates that lie within 20 pc and are not listed in the online edition of the Gliese Catalog of Nearby Stars (http://www.ari.uni-heidelberg.de/arichs). Figure 3 are enlarged for emphasis. Note that while the region to the lower left is indeed dominated by WDs, the red WDs are sprinkled among a much higher density of other faint red stars. From Figures 4 and 5 it is clear that while the SDs do tend on average to be bluer and fainter than the MS stars, the two popluations are severely mixed in the original NLTT RPM diagram.
Comparison with NLTT and USNO-A
As mentioned in § 2, the NLTT RPM diagram suffers not only from having photographic photometry with a short color baseline, but also from the fact that its photometric precision does not reach the level that is in principle achievable even with photography. In Figure 6 , we show the RPMs obtained from USNO-A photometry, which is superior to that of NLTT. It is clear that WDs are overall better separated in this diagram than in the NLTT RPM diagram. This allows faint WDs that are not present in 2MASS but are present in USNO-A to be classified as such. However, the SDs and MS stars still strongly overlap.
Conclusions
We have presented an optical/IR RPM diagram for NLTT stars based on photometry and astrometry obtained from USNO-A and 2MASS. WDs, SDs, and MS stars are well separated in this diagram, at least for stars with RPMs J + 5 log µ 7. This should provide a powerful tool for choosing WD and SD candidates from among the 58,845 NLTT stars.
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